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PREFACE

This report covers tests conducted as Project 9.1 a BUSTER
to determine the effects of atomic explosions on small shelters.
It details organization and conduct of the tests, factors influ-
encing results, and evaluates the degree of protection afforded
by simple shelter structures.

The shelters selected for the tests were similar in design
to those recommended by the lLehigh University Institute cf Research
for use by the Federal Civil Vetense Administration. However,
: the test structures were varied in building detsil and, as a con-
— sequence, factors ol strength were considerably altered. Protective
values were not intended to conform with those of basic designs ——
considered for general use by the public.

The writer gratefully acknowledges the assistance of personrel
of the Atomic Energy Commission and the Armed Forces Special Weapons
Project., Many members of the Federal Civil Defense Administration
helped with the project: Dr. H, Kenneth Gayer, Admiral Garrct L.
Schuyler, Mr, Ellery Husted, and Mr. A. S, Neiman in arranging and
planning the test; Mr. Benjamiu Taylor in field operations, and
other members of the staff in the preparation of the report,
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ABSTILACT

Project 9.1 a BUSTER was designed to determine the effects of atomic
explosians on small civil defense shelters for family use. Since limited
participation in the program did not permit tests of ali proposed shelter
designs, data developed by Lehigh University Institute of Research served
as a guide in selecting four types of shelters. They were: (1) covered- {
trench, (2) metal-arch, (3) wood--arch, and (4) basement lean-to.

Twenty-nine simple structures wcere built along an arc 1200 ft. from 1
the target point. Construciion was varied without regard to protective
values and only to obtain technical date for design purposes. These
structures were subjected to Shots Baker, Charlie, and Dog.

Soil at the test site, when moved, lacked cohesive properties and,
consequently, much of the earth cover on the shelters was removed by the |
first shot. Since a change in test operations prevented the planned
restoration of structures and replacement of cover after each blast, this
reaction materially influenced test results. FEffects of the first explo-
sion added considerably to the damage normally resulting Irom the succeed-
ing shots and cumulative damape was all that could be appraised, This
iimited the use of test data from the second and third explosions.

Test structures were severely damaged by the three explosions, but
considerable useful data was obtained, Below-prade covered-trench shelters
provided protection against Shot Baker, and withstcood the thr:e explosions.
Partly above—grade covered-trench shelters provided less protection against
blast and gamma radiation tests indicatec that they snould be used only if
below-grade construction is possible. Tre mctal-arch shelter failed before
sufficient data could be obtained, but metal-arch shelters set in concrete
footing reacted well. The tests indicated that this type of shelter can,
with minor modifications in desien, provide good protection. Wood-arch
shelters survived the first explosion, but collapsed in the second. The
wood-arch, as designed, proved unsuitable as a substitute for the metal 4
arch. Because of the inadequacy of the tcst structures, ne information
was obtained on the reaction of basemeni lean-to shelters,

Unusual conaitions disclosed a number of weak points in the structures
tested which contributed to their failure. Deficiencies were noted in en-
trance construction, front and end sections, and «ffective earth cover, 3
These defects can be corrected by changes in design, Damage to the struc- C
tures was so severe that conclusive data on many items were not obtained. ////
However, knowledge of the reactiori of shelters gained under test conditions
should be helpful in planning additional tests with improved methods of
instrumentation,

- xi -
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The tests showed ihat smal shelters are potentially capable of pro-
viding a degree of protection commrnsurate with the requirements of civil

defense, The informatiocn developed should be useful in modifying present
designs to provide safer shelters.

- xii -
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CHAPTER i

INTRODUCTION
1.1 OBJECTIVE

The Federal Civil Defense Administration family shelter evaluation
under Project 9,1 a BUSTFR was designed to develop information on the
degree of protection from atomic explosions afforled by simple structures
which could be built by the average householder with available materials.
Specifically, informetion was desired on the degree of protection pro-
vided by shelter designs proposed for use by FCDA, Since all shelter
designs could not be tested, the following data appliceble to all types
were desired:

(a) Resistance of tmall shelters to blast pressures,

1. Degree of protection afforded by basic desigrs.

2, Reaction of structures above and below-natural grade,
3. Stability of entrance structures,

L. Effects on framing materials of reduced sizes,

5. Reaclinn of construction materiale,

- {(b) Reaction of earth cover.

1. Earth-arch effect on structural strength.

2. Resistance of mass of overburden Lo transient loads.,
3. Effects of blast on reducing eurth cover,

4. Requirements for protection from radiation.

b A_L_————_‘_A e et ——— e i s it o s st U

(c¢) Effects of orientation of structures with respect to ground zero.

1. Resistance of structures,
2. Protectior sgainst radiation.

(d) Reguirements for sheathing sidewslls.

1. Reaction of concrete~block sidewalls, *
2. Substitution of chicken wire and tarpaper for wood sheathing.
3. Method of fastening sheathing,

(e) Reaction of lean-to shelters fastened to bascment walls.

1.2 HISTORICAL '_ /j

Ia November, 1950, the Corps of Ingineers, acting for FCDA negotiated

a ] -
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8 contract with Lehigh University Institute of Research for preparation
of & series of manuals on shelter protection. With the assistance of T
FCDA and a panel of technical consultants, Lehigh University Institute of :
Research developed design and construction data on & number of family

shellers, Before c¢fficislly approving this data, FCDA desired to deter- -

mine reactions of the proposed structures to the effects of an atomle
explosion.

Provision was nade for & limited test of these small structures
under Project 9.l a BUSTER, Since Limited participation and fixed test
conditlions did not permit inclusion of all proposed shelter designs,
the data developed by the Lehigh University lnstitute of Pesearch served
as a gulde for selecting a number of simple structures which had not
previously been tested. These structures included four basic types:

{a) covered-trench, (b) metal-arch, (c) wocd-arch and, (d) basement
lean~to shelters.

With the exception of the wood-arch, these designs were typical of
those under consideration for recommendation to the public., In addition
several reduced-strength structures were used, not to provide any degree
of protection but, to develop technical data for design purposes.

1.3 THEORETLICAL PHEPARATION

T. family shelters were not intended to provide absolute protection —
against atomic explosions. The Lehigh University Institute of Research
criteria for & nominal bomb exploded at optimum height is as follows:

(a) Metal-arch shelters

1, Structural resistance at ground zero (maximum peak
overpressure of 52 pounds per square inch).

2. Radiation dosage
a. 100 r at 2100 ft, from ground zero,
b. 200 r at ground zero.

(v) Covered-trench shelters

-y

-

i, Structural resistance at about one-half nmile from
ground zero.

2. Radiation dosage
&. 100 r at 2100 ft. from ground zero. o
b. 200 r at ground zero, %-H

These deslipgns were wascd on infermotion contained in The Effecta
of Atomic Weapons and one or more of the followlng assumptions:

-2 -
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(a) Structural resistance of small shelters must be provided
by the structure and will be only slightly affected by the mass or
ductility of the shelter,

{b) Effects of pressure relief, due to the blast filling the
structure will be omitted in calculating resistance of the sheluiers,

(¢) All structural resistance of the covered-trench shelters
must be provided by the action of the roof joists., Effect of inter—
action between the joists and roofing, as well as earth-arch action,
was omitted to compensate for the possibility of poor workmanship.

(d) Structural resistance of the metal-arch shelter will be
provided largely by the earth arch formed over the steel sheil. The
steel shell must be capable of providing sufficient support to confine
the earth during construction. For earth-arch action to occur, each type
of soil must satiefy certain minimum c¢riteria. Granular soil, forming
a 3 ft. earth arch (on a 4' 6" diameter steel shell) must meet either
of the following requirements:

1, Minimum cchesive strength — 7 pounds per square inch.
Minimum internal friction angle - 30 degrees,

2. DNo cohesive strength. Minimum internal friction angle -
35 to 4O degrees.

Test structures were selected to provide further information on
these assumptlions, as well as other factors influencing the reactions
of small shelters to the effects of atomic explosions. The structures
were to be subjected to atomic explosions of varying intensities cover-
ing a range of pressures extending considerably beyond design values,
All were to be located equidistant from the ground zero of three
successive bombs of increasing size. After each shot it was planned
to readjust earth cover and partially rehabilitate the structures to
reduce the bulld-up of effects from successive explosicns,

- 13-
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CHAPTER 2

PROCEDURES

2.1 CONSTRUCTION

A total of 29 simple structures spaced 25 ft. apart were built
along an arc 1200 ft. from the target point, The first structure
was located 30 ft. south of a line due esst of the target point.
These are shown in U. S. Atomic Energy Commission, Santa Fe Operations
Office drawings N.T.S. 9.1-1198, dated September 22, 1951,

Eighteen of the structures were the covered-trench; five, metal-
arch; four, wood-arch; and two, basement lean-to type. Structural
strength, materials, amount of earth cover, elevation and orientation
were varied for test purposes. These variations are summarized in
Table 2.1, and details of design of the various structures are con-
tained in drawings NeTeDSs Gol-1198; NuTeS. §.1-1159; NeTeSe Fo1-1200;

N.T.S. 9.1-1201; and N.T.S5. 9.1-1202.

2.1.1 Covered~trench Shelters

Structures for the covered-trench shelters (type--A) were
prefabricated by the contracter in a field shop. (Fig. 2.1). These
structures were small encugh to be moved by truck and lowered into
position by a7 A-frame. (Fig. 2.2). The covered-trench cr type-A
shelters were placed poth pelow and partly above the natural grade.
(Figs, 2.2 .z2nc 2.4).

Figures 2.5 and 2.6 show identical structures, one covered
with 3 fi.. of earth and the other with 2 ft, A bulldozer was used to
place earth cover and no special provisions were made to compact back-
f£ill, To obtain sufficient cover for some of the above-grade structures,
the area surrounding structures A-15, A~17, and A-18 was cut slightly
below pgrade. In backfilling operations the bulldozer cracked a stud
in the entrance structure of A-15, and the center 2 x 4 roof joist in
A=6,

Considerable difficulty was experienced in protecting the
entrance construction with earth cover, since the soil lacked cchesive

nroperties after being moved, Thic wes net oo serisusc in below-grade
structures as in those built partly-above grade (Figs. 2.6 and 2.7).
-5 _
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2.2 INSTRUMENTATION

Since this project was ¢ late addition to the test program, facilities :
were not available for complete instrumentation of the test structures. ‘
Therefore, it was necesssary to improvise some of the methods of instru-
mentation. The following provisicns were made to obtain data:

. (a) Radiation Measurements - Gamma Film Badges.

1. Range 50 r to 300 r - Dupont Adlux No. S2 film badges
located in entrance and within shelter areas,

2, Range 1/10 r to 300 r - No, 606 badges located within
shelter areas.

3. Range 50,000 r - No. 548 badges attached to structures
located at ends and center of 1200 arc.

4. Range - Dupont 554 and 556 film badges, shielded in
Nstional Bureau of Standards (lead, tin, bakelite)
’ film holder and calibrated against Cob0, used for
i reference purposes by Project 6.1 b BUSTER, placed
in nhign, medium, and low positions in some structures,

e (b) Deflection Measurements - Improvised Deflection Devices, —
1, Rough devices similar to wooden jacks built on site
of 2 x 4 scrap lumber, placed at ends and center of
roof joists and at center of studs and arches.
(¢) Pressures Inside Shelters - Land Mine Fuses.
1. A limited number of land mine fuses, tested by the

Corps of Enginsers {Projeci 3.5) placed in a few
structures.

The location at which these readings were taken within the shelters

are shown in Fig. 2.18., Figure 2,19 shows the details of the devices to A
measure deflection of structural members. Lo

2.3 SITE CONDITIONS L

Yucea Flat is an alluvium~filled valley. The alluvium varies in
character from clay and silt-sized particles, to cobbles and boulders,
The composition of this material is chiefly limestone and volcanic tuff
with smaller amounte of other veolianics, yuarisiie, conglomerate and
sandstone, The alluvium is poorly consoclidated except where the particles
are cemented by caliche or where beds of caliche exist, Density of the

-6 -
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alluvium varies from 1.3 to 1.8 kilograms per liter. There were no
determinations made of the cohesive properties of the soil either before
or after it was disturbed.

After being disturbed, the s0il had practicaily no cohesive proper—
ties. The low cohesive value of the material used in backfilling made
it difficult to compact the earth cover on the structures. It was also
impossible to protect above-grade entrance construction because of the
tendency of the material to flow freely. Intermittant showers two days
before the first explosion contributed little to the stability of the
earth cover, Since no special provisions were taken to compact backfill,
the structures were subjected to unusually severe test conditions.

The function of the earth cover on the structure is of particular
importance. However, it was impossible to completely evaluate this func-
tion since an unavoidable charge in the test schedule did not permit
carrying out plansg to replace the earth cover and partially restore the
shelters after each blast. Considerable earth cover was removed by
each explosion and the effects of the first explosion contributed
greatly to the damage resulting from succeeding exvlosions. This limited
the use of test data from the second and third explosions in evalusting
the protection afforded by test structures.

2.1.2 Metal-arch Shelters

Only onc ccmplete metal-arch shelter was included in the
test, This shelter was bullt in accordance with pilans prepared by the
Lehigh University Institute of Research. (Figs. 2.8 and 2.9).

One of the studs in the entrance section of shelter B~1 was
cracked in backfilling and additional spreaders were placed as shown.
(Fig. 2.10).

Twelve and 16 gauge corrugsted-metal sections were also set
in concrete footings to determine the reaction of metal~arch sections
under 2 and 3 ft. of cover, (Figs. 2.11 and 2.12).

2.1:3 Wood-arch Shelters

With a view to the possibility of conserving critical materials

L wood-arch shelters were algo built. (Figs. 2,13 and 2.14).

2.1,4 Basement Lean-to Shelter

Two structures simulating conditions for use of basement lean-

to shelter were built to determine whether the top of the lean~to should be

attached 4o the wall. (Figs. 2,15, 2.16 and 2.17).
,-7-'
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Fig. 2.1 Prefabricated Structures for Covered-trench
Shelters (ecarpentry vard)

Fig. 2.2 Placing Structure in Position for Shelter A-l
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Fig. 2.7 Shelter A-17 Completed (partly above grade)
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Fig., 2,8 Metal-arch Shelter B-1 Under Construction
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Fig. 2.10 Entrance Details of Shelter
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Fig. 2.11 Metal-arch Structure B-5 Set in Concrete Footing
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Fig. 2.12 Completed Structure B~3 with 2 Ft.. of Earth Cover
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Fig. 2.14 Shelter C~l Under Coristruction
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Fig. 2.16 Construction of Structure for Test of UBasement Lean-to Shelters
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i
U vl
P T e - T MED.
L W2 Fa LOW w1
Qs:p S HIGH
T s o= —1 MED,
_____ — F- F-2 1LOW
P
F-'_i;_ 1
____r= BEECE
COVERED-TRENCH SHELTER

METAL AND WOOD-ARCH SHELTER ’

KEY .

F-1 TFlilm Badge Dupont, Adiux Ho. 52 i
F-2 Film Badge Dupont No. 553 T
F-3 Film Badge Dupont Adlux lio. 52 ’

(High _ N.B.S. Shielded Dupont 554 or 556 at Roof |
S(Medium - N.B.S. Shielded Dupont 55k or 556 Midway Between Floor & Roof
(Low - N.B.S. Shielded Dupont 554 or 556 3" ta 6" Above Floor

Horizontal Jack Between Studs) !
Vertical Jacks to } Deflection ’\
Measure Deflcction of Devices !
Roof Joistc or Arch

< D <3 |
L |

W o+

N s

S e

P. Land Mine Fuses to Measure Pressures Inside Structure ' :

Fig. 2.18 Location of Shelter Instrumentation
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Fig. 2.10 Device to lMeasure Deflectlion of Structural Members
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TABLE 2.1

Shelter Test Structures - Type A - Covered-trench

Sheitér Earth Roof VWood
Numbexr Orientation Cover Joistis Studs  Sheathing

Group I - Below Grade - Basic Lehigh Shelters

A1 Back to Ground Zero 3' 2x6@ 3 3/h"  oxk @ 16"  1x6

A-2 Back to Ground Zero 2' 2x6@ 3 3/4" 2xh @ 16" 1x6
A-3 Long Side to GZ 2t 2x6 @ 3 3/4"  oxh @ 16" 1x6
A-L Front to GZ 3' 2x6@ 3 3/4  2xh @ 16"  1x6

Group IT - Below Grade - Lightened Frame

[

A-5 Back to Ground Zero 3' 2xh @ 24" 2xh @ 24" 1x6
A6 Back to Ground Zero 2' 2xk & 24" 2xh @ 16" 1x6
A-T Back to Ground Zero 3'  2xh @ 16" 2xh @ 16"  1x6
A-8 Back to Ground zero 2' 2xk @ 16" 2xhk @ 16" 1x6
A-13 Back to Ground Zero 3' 2xk @ 8" 2xk @ 8" 1x6
A-1L4  Back to Ground Zero 2' 2x4 @ 8" oxh @ 8" 1x6
A-15 Back to Ground Zero 3' 2x6@ 5" 2xlk @ 12" 1x5
A-16  Back to Ground Zero 2' 2x6 @ 5" 2xk @ 12" 1x6
Wood
Group IIT - Semi-buried - Licshtened Frame Roof#*
A-9 Back to Ground Zero 2' 2xk @ 8" 2xh @ 8" 1x6
A-10 Back to Ground Zero 3! ox @ 8" 2xhk @ 8" 1x6
A-11  Back to Cround Zero 2' 2xh £ 16" 2xh 3 16" 1x6
A-12  Back to Ground Zero 3' 2xhk @ 16" oxh @ 16" 1x6
A-1T Back to Ground Zero 3! 2xb6 @ 5" oxh @ 12" 1x6
A-18 Back to Ground Zero 2' 2x6@ 5" 2xh @ 12" 1x%6
¥ Chicken wire and tarpaper sides
|
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TABLE 2.1

e me ey omrw .

Shelter Test Structures

Type B - Metal-arch

Shelter ' " Earth
Number Orientation Cover Roof Arch WWalls

Group I - Below Grade - Basic Desigm

b-1 Back to Ground Zero 3' 12 Gauge Concrete Block :

Group IT - Arch on Concrete Footing - Shelter not Completed

B-2 Back to Ground Zero 2 12 Gauge Concrete Footing
B-3 Back to Ground Zero 2! 16 Gauge Concrete Footing
B-k4 Back to Ground Zero 3°' 16 Gauge Concrete Footing
B-S Back to Ground Zero 3 12 Gauge Conerete Footing

Type C - Wood-arch

Group I - Above Grade

c-1 Back to Ground Zero 2 oxh 3 8" Concrete Block
c-2 Back to Ground Zero 3! oxly 2 8" Concrete Block
c-3 Back to Ground Zero 2°' oxh 2 16" Concrete Block
c-4 Back to Ground Zero 3! cxk & 16" Concrete Block

Type D - Basement Lean-to

Shelter Foundation Lean-to Const. Type of
Number Orientation Well 1" Sheathing Fastening
D-1 Wall to Ground Zero Conc. Block 2x6 @ 5" Bottom-bolted é
Top-toenailed !
H
D-2  Wall to Ground Zero Conc. Block 2x6 2 5" Bottom-bolted P
Top Free il“
- 21 -
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CHAPTER 3

3.1 BASIC TEST DATA

The shelter structures were subjected to Shots Baker, Charlie,
anu Dog. Bombing datas for these three air bursts have not been listed,
but Table 3.1 gives the computed distances of the structures from the
actual explosions. The distance of each structure from the explosions
varied, but this variation was not great enough to significantly affect
the intensities of pressiure and radiation. Hence, average values for

representati—re structures were used in evaluation of effects of the
three explogions,

3.2 WEAPONS EFFECTS

Peak overpressures, thermal radiation, and gamma radiation readings
were based on actual recorded data. However, nressureg for Shot Dog
were astimated. These readings are swmmarized in Table 3.2.

3¢3 REACTION OF SHELTER STRUCTURES

The effects of the explosions on the sheltewrs have been listed
separvtely to assist in evaluating their reaction to each shot. Recorded
data and structural dameges have been sumnarized in tabular form, In
classifying structural damage no consideration has been given to radia-
tion hazirds or other effects of the explosions,

Structural damage has been classified as either light, moderate,
heavy, severe, or complete destruction. These categories were defined
a3 follows:

(a) Light Damage.--Superficia) damage confined largely to exposed
or above-grade portions of the structure, sufficient to nullify its pro-
tective value.

(b) Moderata Damage.---Shelter pr~s-- in good shape with structural
feilure confined to shattering or p . demolition of above-grade en-
trance construction,

(¢) Heavy Damape,--Structura. o shelter proper insufficient
to cause failure, but serious damage .. ..ove-grade entrance construction,
in some cases blecking access,

=23 -
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(d) Severe Damage.—Partial or complete collapse of the structure
sufficient damage to indicate failure to provide protection.

ST

(e) Complete Destruction.--Demolition of structures.

| g A T 1 v e T e gy

Only in case of severe damage or complete destruction should structural
failure be sufficient to result in death or serious injury to persons within
shelters. Since, the effect of blast damage and radiation dosages were
equally as dangerous, other hazards were considered separately.

e

TABLE 3.1 1
Location of Shelters with Respect to Explosions
SHOT BAKER SHOT CHARLIE SHOT % i

Structure Distance Slant Distance Slant Distance Slant
Number G2 Height GZ Height G2 Height
A=1 1224 1658 1312 1733 1240 1883

! A2 1227 1660 1316 1736 1241 1883

' A3 1230 1662 1319 1738 1242 1884
A=l o 1233 1664 1321 1740 1243 1885
A=5 1236 1666 132 1742 12,4 1886 .
A~6 1239 1668 1327 1745 1245 1886

b A7 1241 1671 1330 1747 1246 1887

A-8 1244 1673 1333 1749 1247 1888
A=G 1247 1675 1336 1751 12,8 1888
A=10 1250 1677 1338 1753 1249 1889
A-11 1252 1679 1340 1755 1250 1882
A-12 1255 1681 1343 1757 1251 21390
A-13 1257 1683 1346 1758 1252 1891
A=1/, 1260 1685 1348 1760 1253 1892
A-15 1263 1687 1350 1762 1253 1892
A6 1265 1498 1352 1764 1254 1852
A=17 1268 1690 1355 1765 1255 1893
A-18 1270 1692 1357 1767 1256 1863
B-1 1272 1694 1360 1769 1256 1894
B~-2 1275 1696 1361 1770 125% 1894
B-3 1277 1698 1363 1772 1258 1895
B=4 1280 1700 1363 1773 1258 1895

¢ B-5 1282 1704 1267 7o 1259 1896

' C=1. 1285 1704 1368 1776 1260 1896
C=2 1287 1705 1370 1777 1260 1897
C~3 1290 1706 1371 1779 1261 1897
C~4 1291 1708 1373 1780 1261 1897
=] 1293 1710 1375 1781 1262 1897
D.-2 129¢ 1my 1376 1762 1202 1858
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TAELE 3.2 b
Basic Effects Data for Shelter Structures
SHOT BAKFR |
Peak Thermal Gamma § 1
Shelter Pressures . Radiation #udiation 3
Number P, s. i. Calories/cm? e :
i
A-1 8.2 L3 H
A-10 8.0 L2 !
A-18 7.9 40 ;
D"Z 7.8 39 ) ]
1
Average ‘
Values 8.0 I 9,600 |
14
SHOT CHARLIE i
A=l 15.4 118 ‘
A-10 15.0 115 . - ———
A-18 14.8 112
D=2 143 110
Average o
Values 14.9 114 29,800 £
SHOT DOG :
: |
A=l 1L 155 .
A-10 1L, 155
A-18 1L 7 155 ; -
Average
Values 14,7 155 50,700
#Estimated Values
#Values Subject to Revisioun
- 25 o
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L2, 2,5 and 2.6).

CHAPTER 4

EFFECTS OF SHOT BAKER

4.1 INTRODUCTION

The pressures from Shot Baker were considerably less than those which
the basic shelters were intended to withstand. The effects of Shot Baker
on the shelter structures are swmmarized in Table 4.1. Additional data on
structural damage, intensities of radiation and other factors affecting
the protective value of the shelters are given in this chapter,

4e2 STRUCTURAL DAMAGE

With the exception of structures simulating the basement lean-to
shelters, complete structural failure did not occur, The blast removed
considerable earth cover and, possibly because of poerl; placed backfill,
slightly shifted or twisted some shelters. Above-grade entrance construc-
tion was badly damaged particularly where not fully protected by earth
Ccuver, Alihough partial failure occurred in some structuresg, deflection
devices and other materials placed within them were not disturbed. A
group by group snalysis follows:

Leasl vaered—trench Shelters

The basic covered-trench shelters (A-l1 through A-4) which
conformed with designs prepared by Lehigh University Institute of Research
fared well with damage confined to avove-zrade entrance construction. Earth
cover was lowered 6 to 12 inches. The extent of damage to basic below-
grade structures is shown in Fig5. 4.1, 4.2, 4.3, and 4.4. Greatest damage
was suffered by Shelter A-4, the entrance fecing the blast. With the ex-
ception of A-4, damage to entrance construction was confined to spreadere
and batterboards (Fig. 4.4). The entrance of A=l which suffered more
damage than A-2 was noi as well protected with earth cover (Figs. 4.1,

Below-grade covered-trench shelters, weakened by increased
spacing and reduced structural members, did not fail, but were damaged
more than the basic structures. Front snd end walls showed a tendency
to give where they were joined to the roof secticn, Some roof Jjoists
were cracked and in two shelters studs on the front side were broken,
Structure A-6, designed to carry little more than the dead lecad of
carth cover, continued to hold &lunough 1ts ceuler roul jolsi Liad Leen
cracked in backfilling operations. Figures 4.5, 4.6, 4.7, and 4.8
show the nature of external damace suffered by these structures,
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Flg. 4.1 Damage to Structure A-l Due to Shot Baker
(covered-trench below-grade)

Fig. 4.2 Shelter A-2 After Shot Baker (covered-
trench below-grade)
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Fig. 4.3 Shelter A3 After Shot Baker (covered-trench -
below-grade)

Fige Lk

below-grade) Front Side Facing Ground Zerc
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Fig. 4,5 Shelter A-5 After Shot Baker (below-grade lightened-frame)
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Fig. 4.6 Shelter A-8 After Shot Baker (below-grade i
b rs
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Fig. 4.7 Shelter A-l4 After Shot Baker (below-grade
: lightened-frame)
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Fig. 4.8 3Shelter A~15 f{ter Shot Beker (below-grade lightened-
frame)
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Fig. 4L.10 3helter A-ll After Shot Baker (partly above-grade lightened-

RESTRICTED GATA

Sacurity {afarmation ATOMIC ENERGY ACT 1948

e oAb g w e

-

j
!

o




SECRET

Secnitty informetion

frame)

- 34 -
RESTRICTED DATA SECRET

ATOMIC ENERGY ACT 1948 Sacarity Infornation

1

»
!
E
1
4

S SIS R )
t .

i
i
:
H

NoATRea o §

e S e

-t -

[ S
3

T




A

RO

D a2 el

SECREY

Secarity In{armation

Le2,2 Metal-arch Shelters

In addition to extensive damage to entrance construction, partial
failure occurred in the end section of the only completed metal-arch shelt -r.
There was also evidence of a slight shifting or twisting of the arch on it .
foundation, but structursl dsmage was insufficient tc prove hazardous to ¢
occupant, Figure 4,13 shows collapsed entrance structure and spreading of
earth cover. Effects of blast on metal-arches are shown on Fig. 4.1l4. The
earth cover on this structure was lowered appreciably.

Fig. 4.13 Shelter B-1 After Shol Baker (bpasic below-grade metal—aréh
shelt.er) .
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L4e2+3. Wood=arch Sh-lters

Damage to wood-arch shelters is partially shown in Figs. L.15,
4.16, and 4,17, Entrance structures were severely damaged and were almost
impesssble. The wood-arch and wall of all structures remained intact, but
in C«4, the end section gave way, :

A e noR

b
'

7

Fig. 4,15 Entrances . to Wood~arch Shelters After Shot Baker
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Fige 417 Structure C~4 After Shot Baker (wood-arch)
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L.2.4 Basement Lean-to Structures

The complete destruction of simulated basement lean-to shelters
(D-1 and D-2) is shown in Fig. 4.18. These structures were designed to
determine whether fastening a leen-to ssction to a basement wall would af-
ford greater protection than if the top of the lean-to wero left free.
However, destruction was so complete, no information could be obtained on
wall failure or resction of the lezn-to,
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Fig. 4.18 Remains of Structure D-1 After Shot Baker (eimulated oasement |
lean-to)
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L.3 RADIATION MEASUREMENT.

Totel gamma radiation at the site of the shelters was approximately
9,600 roentgens. A film badge placed at the top of the entrance to struc-
ture C-4 recorded 8,000 r. Reauings for garma radiation listed in Table
4.1 were taken from t'ilm badges placed at entrance sections and inside
shelters, Film-badge data on metval-arch and wood-arch shelters were not,
available,

Readings for total gamma radiation were comparatively uniferm for
similar types of structures, Average values for the covered-trench
shelters are listed in Table 4.2. This table gives total radiation
dosages in below-grade and partly above-grede shelters with 2 ft. and
3 ft. of earth cover. In addition to values for the shelter proper,
average readings are also provided for the entrance areas.

TABLE 4.2
Total Gamma Radiation jr. Covered-trench Shelters

Average Readings for Buster Shot Baker

Earth Cover - 2 ft. Earth Cover - 3 ft.

Shelter Entrance Shelter Entrance
Shelters _Area Area 1 Avea Area
Below-grade 173 246 151 198
Partly above-grade 290 430 206 320

Table 4.2 indicates the difference in intensity of radiation in
below-grade and partly above-grade shelters, Differences were possibly
due to entraice damage and the greater amount of earth cover removed
from partly above-grade shelters by the blast. A comparison of structures
with 2 and 7 {t. of earth ccver indicates that the extra foot of cover
did not reduce radiation as much a: anticipated. Radiation data on high,
medium and low positions in 4 shelters show total gamma ray dosage is
nmuch higher near the top of the snelter than at the bottom (Table /4.1).

In A-1 where the back of the shelter faced ground zero the average
reeding was 125 rventgens, In contrast the corresponding reading was
220 roentgens in un identical shelter, A-L, where the entrance side faced
FIVUNL zesu.
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hot OTHER EFFECTS

Thermal radiation at the shelter site was approximately 41 calories per
square centimeter. There was no indication of thermal effects within the
shelters, and it a; -eared that protcrtion was sdequate., Exposed scctions
of the wood structures were charred as shown in Figs. 4.1, 4.5, snd 4.8,
but there were no signs of continued combustion.

Pressures inside the structures meassured with land mine fuses were
based on a limited number of readings. They averaged L pounds per square
inch. This figure is of considerable interest, but in view of the limita-
tions of the measuring devices is not conclusive.

The deflection measurerents of structural members of the shelters are
listed in Table 4.)l. They show some variation due probably to the shifting
and twisting of structures, as well as the inaccurasy of measuring devices.
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CHAPTER 5

EFFECTS OF SHCT CHARLIE

5.1 INTRODUCTION

Shelters were seriously damaged by Shot Charlie, largely because damage
sustained on the previous explosion had not been renaired and because the
earth cover removed by the Baker blast had not been replaced. Pressures
again were considerably less than those the structures were intended to
withstand., On the other hand, the intensity of gamma radiation was much
greater than that against which the original shelters were intended to
provide protection., Test results for Shot Charlie are summarized in
Table 5.1. In reviewing this data consideration should be given to the
reduction of earth cover by Shot baker, exposxng structures and reducing

their ability to provide prolection against gamme rodiation.

5.2 STRUCTURAL, DAVAGE

A1l shelters suffered considerable structural damage and the metal-
arch and wood-arch shelters were completely destroyed, Partly above-
grade shelters were damaged sufficiently to indicate failure to prov1de
protection against blast. The shelters were stripped of practicaliy all
cover and considerable soil poured into the entrance sections,

5.2.1 Covered—-trench Shelters

Damage to basic below-grade covered-trench shelters (A-1
through A-L) was confined principally to above-grade entrance construction
(Figs. 5.1 and 5.2). Shelter A-4, with the front end facing the blast,
was damaged slightly more than shelters of similar construction. In re»
duced strength belcw-grade shelters blast had approximately the same
effect on earth cover and entrances (Fig. 5.3). 2lthough, none of these
structures failed, studs and roof joists were broken, There was also
evidence of weakness where studs in the front and end secticns were tied
into the roof section.

The partly above-grade coeered trench shelters suffered much
more damage. Althoush the structure$ remained intact, earth cover was
swept down to natural grade (Fig. 5.4). Enirances suffered preater
damage (Figs. 5.5 and 5.6).
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Fige 5.2 Shelter A-3 After Shot Charlie (covered-trench below-grade)
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Fig. 5.3 Shelter A-& After Shot Charlie
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, Fig. 5.5 Shelt,c)ar A-11 After Shot Charlie (partly above-grade lightened— :
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Fig. 5.6 Shelter A-13 After Shot Charlie (lightened-frame below-grade) S
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5.2.2 Metal-arch Shelters

Failure of stakes toc hold the end section of the metal-arch
shelter in the previous explosion contributed to its destruction (Fig. 5.7).
Entrance sections were weaker than those of the covered-trench type, but
the metal-arch and walls survived.

VP M D R L A MM S N

Figures 5.8 and 5.9 show effects of the blast on metal-arch

sect.ions in a ground level concrete footing. Virtually all cover was swept N
away, but the metal arch was not affected by blast. 3
a

¥

b

v :
Isbv’,".é- ':?:“ u-..h "' .ot ) o “*‘ v T ) . - - ; )

we T e, bl TN vy a2 L e -
i‘*‘- oy J-d-;'t’r".-'- & Tro MeT o PAREEEE X% T : ' -
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Fig. 5.7 Shelter B-1 After Shot Charlie (metal-arch shelter below-
grade)
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5.2.3 Wood-arch Shelters

Earth cover was swept awey to ground level and wood-arch shelters
collapsed completely as a result of Shot Charlie (Figs. 5.10 and 5.11). Arch
folded and in some cases pulled sidewalls in with them. 4

re

s T - '&EZP- P b A I S i
- . 0 . WAy * . ORI by o Y e
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AR ot VPR, & SRV Y~
“:.3 ?}_"’ ,.; B
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Fig. 5.11 Shelter C-3 After Shot Charlie (wood-arch)
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§.3 RADIATION MEASUREMENTS

Gamma radiatjon readings at the shelters are shown in Table 3,2.
Radiation dosages within the shelters were far above lethal (Table 5.1).
Avercga readings are summarized in Table 5.2, These figures are of minor
significance because of removal f cover and serious damage to shelters.

TABLE 5.2
Total Gamma Radiation in Covered-trench Shelters

Average Reading for Shot Charlie

Original Original
Earth Cover - 2 ft. Earth Cover = 3 ft,
Shelter Entrance Shelter Entirance
Shelters Ares Area _Area Area
Bal.ow-grade 1210 2000 840 1340
Partly atove-grade 2310 3800 2380 3570

Gamma racdiation dosazes recorded within shelters were far In excess
of those normally occurring with the amount of earth cover remaining after
Shot Baker. Since the shelters were approximately 1750 ft, from the bomb,
the shock front, which arrived in less than a second, stripped additional
cover from them before receipt of total dosage of radiation,

5«4 THERMAL RADIATION

The intensity of thermal radiation at equivalent distances to those
of the snelters was 114 calories per square centimeter. Wood surfaces
were charred end entrance panels showed indication of reflected heat.
However, protecticn inside the shelters that survived appeared 2dequate,
Action of thermal radiation priour to removal of earth cover by blast is
shown in Figs. 5.2, 5.3, and 5.4. There were no signs of continued com-
bust.ion.

A e
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CHAPLER 6

EFFECTS OF SHOT DOG

6.1 INTRODUCTION

Shelters were in poor shape for Shot Dog. The twc previous explosions
had stripped all earth cover and damaged structures. This greatly influenced
the results and limited the use of data on this shot. Peak overpressures and
radiation dosages from Shot Dog were greater than those from the previous ex-
plesions.

6.2 TEST RESULTS

The below-grade covered-trench, as well as the metal arches set in con- T
crete, withstood the blast in spite of the lack of protective covering. All
other structures were almost completely demolished. Damage is shown in Figs.
6,1, 6.2, and €,3.

In below-grade covered-trench shelters, entrance construction, which was
above the natural grade, was almost completely biown aw2y, Considerable mater
ial was blown invo the shelters and soil seeped through damaged structures.
Debris, however, was stopped in the entrance areas. Deflection devices were
generally not disturbed., In reduced--strength shelters partial failure of the
front and end sections occurred when studs were joined iuv the roufl section.

The cover was swept f{rom metal arches and their end enclosures facing
the blast were demolished, Destruction of the end sections permitted faster
equalization of pressures and undoubtedly contributed to the resistance of
the arches, Arch secticns were tilted slightly, but otherwise undamaged,

Total radiation for Shot Dog is listed in Table 3.1. Radiation readings
within shelters are listed in Table 6,1, but this infurmation is of little
value due to the lack of protective cover.

}
Thermal radiation intensities at distances eqiivalent to that of the ;
shelters were approximately 155 calories per square centimeter. However, &2//
exposed wood sectlons did not burn.
- 65 ~
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CHAPTER 7
DISCUSSION
7.1 REACTION OF SHELTERS

Since structures tested in 3hots Baker, Charlie, and Dog were not lo-

cated with & view toward providing protection, an understending of the rea-

sons for their behavior under test conditions is of primary inmportance,

7.2 EARTH-ARCH ACTION

The covered-trench shelters were designed to resist blast pressures
by beam action of the roof alone. It was assumed that practically all
resistance to the pressures in metal-arch shelters would come from arch
action, but it appears reascnable to believe that such action did occur.

The s0il at the test site lacked cohesive properties after being
disturbed. However, the natural angle of repose of earth cover was at
laast 45 degrees. This would indicate an internal fricticn angle of &b
least 35 to 40 degrees, sufficient for the soil to carry the necessary
compressive stress for earth-arch action.

If earth-arch action occurred, its effectiveness was greatly reduced
by the amount of earth cover removed by each explosion and structures wers
stripped by the second. This would partially account for the poor resis~
tance of arch-type shelters. Covered-trench shelters which did not depend
on arch action were less seriously affected by successive explosions and
indicated ability to resist pressures corresponding to the theoretical
values for which they were designed.

7.3 PROTECTIVE VALUE OF COVIR

Additional test data 1s needed on the reaction of earth cover. The
test results do not show the effect of earth~arch action or whether the
resistance of the mass of the earth cover contributed to the ability of
structures to withstand blast, However, results did show that damage to
structures was less severe when protected by even a small amount of cover,

This was particularly evident where entrance structures were poorly protectec
but survived when covered, It appeared that if earth cover were below natur:
grade, it would not be greatly affected by blast. Thus lowering grade level

of shelters would add considerably to their safety.

The reaction of the earth cover affected not only the structural resis-
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tance of the shelters, but alse their ability to protect against radia-
tion., Reduced cover on the second and third explosions greatly increased
radistien dosages within the shelters. Test structures were located suf-
ficiently close to the three explesions to receive the shock an appreciable
interval bofore all gamma radiatior was abisorbed. On Shol Baker, shslter
A-l wez 1,658 fL, from the explosion (Table 3.1). 1t is estimated (1)
that, the shock Tront should have arrived at the structure in approrimately
0.6 seconds, S%Qqe orly 50 percent of total radiation dosage is received
in one second, ‘</ the removal of one foot of cover by blast action un~
“doubtedly affected total radiation in the shelter. This may have increased
radiation dosages and partially account feor wnusually high readings on
Shots Charlie and Dog.

7.4 DEFLECTION OF STRU.TURAL MEMBERS

Dats obtained on deflection of structural members of shelters was of
limited value. They undoubtedly were affected by shifting and twlsting
of the shelters and inaccuracy of improvised method of instrumentation.
It has been possible to check some of Lhese readings with the computed
values for the covered-trench shelter, These results show & possible
error of 50 percent. For example, a center line deflection of 2/32 of
an inch in the roof joists of shelters A-l and £-3 should result from a
pressure of 10 pounds per sguare inch., Actual deflecticon on Shot Eaker
for a pressure of 8 pounds per square inch was 2/32, When the effect of
partial elastic action of the wood is included, this discrepancy amounts
te an error of approximately 50 percent. However, partially because of
variation in amounts of earth cover removed, readings provide no indica-
tion of earth-arch action or protective value of earth cover.

7.5 PRESSURES INSIVE SHELTERS

Design of the shelter structures was based on the assumption that no
resistence was provided by pressures developed within the shelter. If
resistant pressures of the magnitude recorded were effective, they would
have considerably increased the resistance «f the shelters. However,
instruments used to record these readings are not considered reliable
and further tests should be made to check the accura~y of these data,

/
1
: )The Eftects of Atomic Weapons, Page 54, Fig. 3.13 f.

(Q)The Effects of Atomic Weapons, Page 238, Fig, 7.46.
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CHAPTER 8

CUNCLUSION
£,)  FROTECTIVE VALUE OF SHELTERS

The below-grade coverad-trench shelters provided protection against
blast ard theimal erfects of Shot Baker. Total gamma radiation Josage
within the shelters (average 150 — 175 r) exceeded a desirable value of
120 r, but was considerably b low the median lethal dosag.:. Structurally,
basic designs of this type of shel.er withstood the effects of the thre
explosions, but gamma radiation for Shots Charlie and Dog would have Heen
fata) to an cccupant, Discounting the damage resulting from accumulated
effects of succes=ive explosions, tie basic sheltsrs resisted peak pressures
of approximately 15 pounds per squa: : inch. They should be capable of
withatanding blast e¢ffeets at one~t Lf mile from the ground zero of a nom-
inal bomb exploded at optimum heig' v, #t this location the 3 ft. of earth
cover woiid be less than required > reduce total gamma radiation to 100 r.

Tn the partly above-grade covered-trench shelters, radiation dosages
from Shot Baker increaszd to retween Z“CMand 300 r. These shelters were
capakble of providing protecticn agaiu.t Llast and thermal effects, but
demage was more severe, Under conditions limiting con: -uction, shelters
of this type should be used only with the knowledge that the degree of
prubecllon nas been considerably reluced,

Yartial failure of the end section of the metal-arch shelter occurred
in Shot baker, This failare woul’® nou nzve imperiled the life of an occu-
part, but it contributed to the Acavtructior of the =shelter in Shot Charlie.
Nespite the failure of the test str intures, this type of shelter should
nrevide goed protection.

Wond-arch shelters collapsed conpletelv in Shot Charlle, partly be-
cavse of the recction of the carth cover, Their failure, however, indicated
tinat the proposed design of ine wood arch should be rodified.

Information on the rea-tion of the basoment lean-to shelter was not,
ootiined dite 1o the inadequ cy of the test structures. The structure
simulating the basement o0 & privalce house shoul' o redeuigned, and addi-
tionul tests male to det:.rminc the resistance of snelters of Lhis type.

C.2 RKeSIST NCE COF 217 OUTUELS
RESLEL N —

Wood shelt 'rs cileresc sood resierunce to blast prorided they were

rroperly protected by carth cover. They did not bure - their resiliency
nereitred them to aboorb shock without failing conmole. v, Corrupated
r2tal vipy sections mlso resistad sresater yressure .- Lhe rticipated, asn
syl enced Lo Lhe arch Coltions 5t a8 wuwnnreibe ol
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The t :sts indicated that. reducing the strength of the shelters was not
justified. The increased spacing in studs and joists in the covered-trench
shelters caused some of the structures to twist., Structural members were
cracked, and e¢nd and front sections showed a greater tendency to fail.
Savings on lumber were mincr, and test structures falled to withstand the
thres explosions.

The partly atove-grade shelters offered considerably less protection
from blast than the below-grade Lype, and nuclear radiaticn dosajes were
niach higher, Damage to entrance structures was particularly severe be-
cause of the reaction of the earih ccver.

The: entrances c¢f all structures were considerably weaker thaa the shel-
ters pruper. Entrances to the arch-type shelters proved weaker than other
types. They collapnred completely on Shot Baker. On the next two shots prac-
tically all above-g ade entrance construction was demclished and blown away.
Gamm:. radi:tion readii.;s showed that thece areas could not be used for shel-
ter purposes. They did, however, effectively block cff thermal radiation
and there wa: no jndicat on « material being disturbed wiithin the shelters.
Debris thrown inlto the shelte:s wes trapped in entrances and would not have
injured occupants. It did block access to many of the shelters and escape
would have been hazardous., Some of the damajie to Lh¢ entrances was super-
ficial and did not affect the protective value of the shelters, bul all
should be redesigned to provide resistance comparable with the cenalilities
of Lhe rest of w struclures.

The end and front sections of the covered-trench shelters she ved &
tendency to fail where they were jeined to the ruvof sections. Since the sc
structures were tied topgether only by tocnniling wnll studs .o the rcof
joists, failure was more seve - where the spacing of Lhe studs was ir -
creased., This weakness can &g should Le currected,

Various sections of the mctal-srch shelter showed a tendency to pull
apart. They should be joined more securely  Lni sections partislly gave
way in Shot Baker because of the failurc of supporting staxes. Since thiy
also occurred in one of Lhe wood-arch shelters, it was not attributed to
fanlty construction, but rathe » Lo deoipn.  Supporting members ware not
tied into the structure.

.3 REACTION OF LBARTH COVEN

— o —

Large quantities of earth rover weve removed by eech explosion. Amounts
of cover blown off by Shot Buker varied from 30 to 60 percent of the totsl
cover. These quantities varied with elevation of structures wit.. respect
to natural grade. Partly above-pgrade shelters were affe.ted to a pgriater
extent, Thi- unlesirable reactisn was serious for it not only affect:
protectior. a;ainst radiation. iut also resistance of the structur s tu blast
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Total pamma radiation dosages from test shots were sufficiently large
that the 3 ft. of earth cover did not provide desired protection. Even
in terms of one-half mile rrom & nominal bomb at cptimum height, radiation
dosages were such that 3 ft, of earth cover wes slighily less than required.
Since the blast preceded total gamma radiation dosages, only a portion of
the earth cover was effective, This may have slightly increased radiation
dosages within the shelters.

Test results did not show whether earth-arclh action occurred in the
cover over the shelter structures. Indicaticns are that conditions would
permit such action. However, it was impossible to determine whether earth-~
arch action was effective because of blast action of successive shots.
Whether the mass of earth cover contributed anyihing to resistance of the
shelters to blest pressures ic not substantiated by data. The protective
cover did, however, greatly reduce damage to shelter structures.

8.4 ORIENTATION OF SHELTERS

Orientation of the covered-trench shelters had a major effect on their
protective value only where the front faced the explosiun., Since this was
the weakest side of the structure, this shelter suffe¢ ' considerably more
damage than others of similar construction. Radiation dosages within this
sheltler were alse considerably higher than in shelters facing in other direc—
tions., Greater damage to the entrance was the probable cause.,

Scorching of parts of the entrance panecls not directly exposed to the
blast indicated the possibility of heat reflection of some magnitude. How-
ever even in the shelter where the entrance side faced the blast, there was
no evidence of heat entering the shelter proper. Hence, entrances as designed
should provide preotection azainst thermal radiation even if facing the blast,

8.5 SHEATHING REQUIREMENTS

.1 resvlt  obtained from the substitution of materials were satisfac-
tery. Chicker <ire and tarpaper sheathinp for the sides of shelters were
adequate where the spacing of suppor.ing members was not too great. Reduc-
tion in the rigidity of the shclter, because of the substitution of chicken
wire and tarpaper fc * cne incn wood shealhing, i3 not considered serious

in structures of va: =~ s ign. The nethod of joining wood sheathing Lo other
types of materials, juc the metsl arch, should be improved. Concrete-
block sidewal’ s of wood st. lters also proved satisfactory when buill
below graae., +alls of the  od-arch shelters (concrete-bluck se’ in mortor)
failed. This wasz partirll; 1e !'n Lthe collapse of the wood arches, but use

of unreinforced concrete-blocer wells is not. recommended.
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CHAPTER 9
RECOMMENDATIONS

9.1 INTRODUCTION

Damage to the test shelters was so severe that data was not conclusive
on all items., This data should be obtained by additional tests with improved
methods of instrumentation., The unusual test conditions also disclosed a
number of weak points in the structures which contributed to their failure.

9.2 DESIGN RECOMMENDATIONS

A number of minor modifications in the shelters should improve their
ability to provide protection. It is recomuended that the following be

considered in redesigning shelters:

{(a) EBEffuclive thickness of earth cover.
3. Removal of cover by blast action.
. Pactical methods of stabilizing earth cover.

(b) Ertrances.

1. Incrosesd ehvength of entrance construction.
. Willeetion of protection from earth cover and
b low prade eoastructior,

cminet lon of long uus;opurted stud
L greves mebeodu of fesutening bavver

spreaders,

N

(W)

i
.

(¢) LDesign of ead apd froat sections,

1. Provision of bearing for sluds in joining end
and srront sections to the roof of the covered-
trench shelters,

2. Proper fastening o! structural members in the
end secl.. s of the arch shelters to the rest
of the ~tructure.

(d) ¥lava. ca of shelvers,

1. svhargy )0 avoiding an abrupt change in grade,
2, ioing the prade of metal-arch shelters.
-] -
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19,3 TEST REQUIREMENTS

Knowledge gained of the reaction of the shelters under the unusual
conditions at the test site should be helpful in planning future tests.
Additional tests should be made to obtain conclusive data on the follow=~
ing:

{a) Effect of pressures inside the shelters,

{b) Resistance provided by earth-arch action.

(c) Resistance of the mass of earth cover to transient lecads.
(d) Shielding against neutron and thermal radistion.

(e) Adequacy of concrete-block construction.

(f) Reaction of strengthened entrance structures.

(g) Protective value of metal~arch shelters.

(h) Effect of the blast on typical basemenl construction.

(i) Reaction of other types of family shelters.

9.4  CONGLUSTON

The tosts showed that small shelter structures are potentially capable
of providing a degree of protection commensurate with the requirenents of
civil defense. They are not 35 casy to build as generally believed, but
they are of a type that can be built by the average householder. The test
structures can be modified to avoid much of the damage that occurred in
the tests. This should provide much safer shelters for civil defense
purposes,

- 82 =
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